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A STUDY OF END-FIRE COUPLING OF SINGLE-MODE FIBER TO Ti: 

LiNb03 SINGLE-MODE PLANAR WAVEGUIDE 

Zhao Qinghua, Gao Junjie1, Fan Junqing, Xu Chengjie2 

INTRODUCTION 

Most of the widely studied modulator, switch, spectrum 

analyzer in integrated optics use Ti-diffused LiNb03 
waveguides. Improving single-mode fiber to waveguide 

coupling efficiency and realizing the fixed connection 

between them is one of the most fundamental problems. 

/254* 

In our experiment, a direct coupling of single-mode 

fiber to waveguide is used. The major limiting factor in 

coupling is the uneven profile of mode field of the single- 

mode fiber and waveguide, and the accuracy in transverse 

realignment between them. By using single-mode fiber 

microlens, the transverse field can be evenly adjusted. By 

using 2-D etched silicone V groove as a micromodulator, the 

alignment accuracy between them can be fine tuned. The 

maximum value for the coupling is measured at 64%, and the 

coupling has also been found very stable. 

* Numbers in margins indicate foreign pagination. 
Commas in numbers indicate decimals. 

1 Changchun College of Optics and Fine Mechanics. 

2 Changchun Institute of Physics, Academia Sinica. 
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II. MODE COUPLING THEORY 

1. The Conducting Surface of Single-Mode fiber 

When light transmits in single-mode fiber, a 

complicated mathematical expression of the single-mode fiber 

conducting surface can be obtained by a group of Maxwell- 

equations [1].  When the difference in refractive index 

between inner core and covering layer n1-n2«l, i.e. when it 

meets the condition of weak conducting surface, the 

transverse vector in the electrical field in the core would 

be much smaller than the horizontal vector. We can disregard 

the group of Maxwell equations and use wave equations 

instead to deal with the conducting surface field. 

It has been shown, HE1:L is the major factor for leaping 

single-mode fibers [2]. The electrical field of linearly 

polarized HEX1 mode has a similar profile as the cross 

section of the single-mode fiber in Gauss field. Therefore, 

Gauss field can be used to approximate the single-mode 

fiber.  ;_   _    ^ . 

W0 is wave width index. 

2. The Conducting Surface of Planar Waveguide 

In order to completely describe the conducting surface 

of waveguide media, the group of Maxwell equations has to be 

solved. By solving the wave equation, a planar waveguide 

mode can be subdivided into TE mode or TM mode. TE mode 

contains only Ey, Hx, Hz. TM mode contains Hy, Ex and Ez 

[3].  For TE mode, 
£2t-=0»-««*•)£& (2) 



By solving (2), nonsymmetric planar waveguide TE mode 

profile can be obtained. ^   ^   _ . 

•.*<*>=£, * 4 ^ci^^h^t <3 > 

ö is width index of mode field strength in planar 

waveguide TE. 

3. Coupling Efficiency 

By defining coupling [4], and by integrating the 

profile of incoming light beam wave and that of waveguide 

mode field, an mathematical expression of coupling 

efficiency can be obtained ]T%(*},f*(x) dx-Tt 

r—1—ftZ$ 00 tf * CxTdxA^ZXxy^Vxl dx 
(4) 

By substituting (4) with (2) and (3), we can obtain 

n=   x(xo^ly»   o-*»"" a/w)t ir'**.«" Sf*.**™!.      (5) 
in which      a = jBt(B°^l)W , x1 is the aligning **=»/•!' 

discrepancy between*the fiber optics and the waveguide, when 

there will be a match in the peak values in the two 

field profiles, a maximum coupling efficiency will result. 

III. THE DESIGN, BUILDING AND TEST OF OPTICAL 

PARTS 

A coupler which gives the best available coupling 

efficiency has been designed( fig.l ). A microlens is placed 

at the end of transmission fiber A, two different etched 2-D 

silicone V grooves are used as positioning modulator. The 

transmission fiber A is placed at the shallow groove, while 

an adjusting fiber B is placed at the deeper one. Two of 

them intersects. Fiber A can be fine tuned in vertical 

direction via tapperep fiber B. 



1. Single-Mode Planar Waveguide 

A eguation that corresponds to (3) 
(6) 

nr 
is the refractive index of the surface of the 

waveguide, An\=n*-   n\\        ns is the refractive index at the 

bottom, d is the characteristic value in diffusion 

thickness. Using m=0 and m=l, the condition for the single- 

mode should be 

m=0,»; = nj-  -^An* (7) 

1 

m=l, »J = »J- ~— VAn* (8) 

IX. [ ^s W-4"^ .-\^-~: 

—^v i  X 

*" 
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Key: 1. 2-D silicone V grooves; 2. single-mode planar 
waveguide; 3. transmitting optical fiber A; 4. tapperep 
adjust fiber B; 5. regular glass slides. 

Fig.i Aschematic diagram of propose* fiber" 
.-';:. --to-planar wateguide coupler nstng bir»i 

-dimentional silicon grooTes. 

Hence, the condition for nonsymmetric planar 

waveguide is 

»<4 2x y/Anl .<- 2» (9) 

Based on (9), interior diffusion is used to make 

single-mode planar waveguides in our experiment. A 40nm Ti 

membrane is sprayed onto the bottom of LiNb03 and is left at 

1000°C diffusion oven for 9 hours, thus a single-mode planar 

waveguide with Gauss refractive index profile is obtained. 



End polishing of the waveguide is also very important. 

MIO, M7, M3 have been used for preliminary polishing. Ml is 

used for final polishing. In the end, a smooth, flat 

waveguide end is obtained. 

A near field profile of the single-mode planar 

waveguide is drawn by CCD detection system. The width index 

for TE mode waveguide field strength is calculated as 2.02 

ßm.   Each small sguare of X axis is eguivalent to 2 CCD unit, 

i.e. 2 8 /xm. Y axis shows the detected light intensity. The 

right side indicates the surface of the waveguide. The 

magnification of the object lens sandwiched between the 

waveguide and CCD is 39. 

"', ., '' jl A..". J     |    • ''      '*■'.'  ''■''-' ^    | 

Fig. 2.Near-{ield ^ofile rf,singlQjnode.planar -iraTeguide. 

2. V Shaped 2-D Silicone Groove and Tapperep Fiber 

According to the semiconductor processing principle 

[5], if the (100) side of silicone is treated with corrosive 

reagent, V shaped groove will form along the (111) side. The 

depth of the V-shaped groove is only contingent upon the 



width of light field. V-shaped 2-D silicone groove can be 

made with a single board. 

The depth of the groove hx and the width si has a 

relation h =sJy/T      • The widtn relates to the outer 
diameter D of optical fiber, i.e s-^D/sinQ. The groove is 

designed in such a way so that transmitting optical' fiber 

and tapperep fiber intersect as in fig.3b. In our A1=a,+(1+^ 

experiment, the outer diameter of the optical fiber is 

125 pm,   the width of the shallow groove is 153 pm,   the width 

of deep groove is 209 pm. 

o'vm-.'ijr.:?*:ii •Iv't 

$=-54.7 

FIK.S   Relationship between etched Si-V grooTB and outer diameter of 
.    optic*! fiber for shallow groove (a) and deep gBobye;ib)i- 

A light inscribed cover membrane plate is made with two 

grooves above. A 600nm Si02 protective layer is formed on 

the (100) side of the silicone. A Si02 piece about the size 

of the cover membrane is removed from the silicone by the 

light inscribing method. Subseguently, it is placed into 

80°C KOH solution. A V-shaped 2-D groove is formed 4 hours 



later. The composition of the solution is KOH:Isopropyl 

alcohol: pure water= 19% : 13.3% : 67.7%. 

The tapperep fiber is made with buffered HF solution 

with a component ratio HF:NH4F:H20=3ml : 6g : 10ml, as it is 

depicted in fig.4 

Ah=x^Xl=y^-iri-rt ) 

in our experiment, the radius of the single-mode fiber 

is 2r =125 Mm. After the corrosive treatment ra=rb/2, use 

1=15,00 Mm,  h=2.08xl0-3(y2-yi). This implies that when the 

tapperep fiber moves 1 mm forward or backward, the 

transmitting fiber moves 2 ßm  in the vertical direction. 

3. The Microlens End of the Single-Mode Fiber 

in our experiment, a leap type single-mode fiber with 

8 Mm inner diameter and 125 Mm of outer diameter is used. It 

is first treated with HF slightly, and then cut with diamond 

to produce a flat, smooth end. 

A hemispherical end lens is formed (fig.5) by 

electrical sparks. The measured radius of this lens is 

39 Mm, focal length is 74 Mm, the distance from the end of 

the optical fiber is 39.6 Mm. 

Far field profile [6] of the single-mode fiber with a 

lens or without a lens is shown in fig. 6(b) and (a). The 

width of emitting light beam is 3.04 Mm and 4.84 Mm 

respectively. 

Fig.4 A pattern of tapperep fiber. 



4. The Measurement of the Coupling Efficiency 

The coupling efficiency between the single-mode fiber 

with or without an end lens and Ti:LiNb03 single-mode planar 

waveguide is measured and listed in table 1. The set-up used 

for measuring is shown in fig.7. 

Since the end lens of the singe-mode fiber condensed 

the light beams used, the coupling efficiency can be 

increased 1.43 magnitude in theory, this agrees with our 

experimental values. The total deficit in "fiber-waveguide 

(1 cm)-output lens" is 4.4 dB. The data listed in table 1 

are the maximum values. 

Fig.5 Photograph (»1 XS20) of a single-mode fiber ▼!*• hemispherical en* lens. 



(& 

-A 

(a) In the absence of 
end lens 

(b) In the presence of 
end lens 

Fig.6 Far-field profiles of single-mode fiber -with no. leas .6) and with, «.lens <b>- 

Key: 1. Relative Light Intensity. 

^     CD      ®    ® 

ÄerKe**»' a* 

Fig.7 Set-up for measuring the coupling efficiency of beut-' 

*»«■ :® 

Key: 1. He-Ne laser generator; 2. polarizer; 3. 10X object 
lense; 4. lens; 5. optical fiber; 6. 5-D micro-adjuster; 
7. coupling apparatus; 8. output prism; 9. lens; 10. 
silicone detector; 11. power meter. 



IV. CONCLUSION 

A very practical coupling set-up for the single-mode 

fiber and the single-mode planar waveguide is designed 

based on the mode coupling theory. There are still some 

guestions to be addressed, i.e. how to improve technical 

skill in spraying a layer of anti-reflective membrane to 

reduce wearing and to increase the coupling efficiency. 

Acknowledgement: Wang Xian Xiu and Men Shu Hua et al in 

Chang Chun Physics Institute offered great assistance in 

preparing this manuscript. 
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